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SCRUB TYPHUS INVESTIGATIONS IN SOUTH BAST ASIA 


Part Il 
‘ILLUSTRATIONS 


Particular acknowledgment is due to the Command Photographic 
Interpretation Section, Air Headquarters, India (now Command 
Photographic Interpretation Pool, A.C.S.H.A., Singapore, and 
J. Aw P. I. C. (India), and also to the Officer Commanding, 
Now347 Wing, RA.Fe, Calcutta, and many P.I.D., RaA.Fe 
representatives in forward areas, for constant assistance and 
for making available the following air photographs reproduced 
in this Report: 

(Appendix 2)/'2:8, 10,.12, 16, 2, OnLy ey, ) 50, 555) bes eee 
48, Bes ber . 


The remaining photographs were taken, from the air and the 
ground, with a Leica using 50 mm Elmar and 73 mm Hektor lenses. 
The photomicrographs in Appendix 19 were taken in Poona by 
Major Ss Lal Kalra, I.A.M.C. The illustrations from the 
literature in the Supplement to Appendix 2 are reproduced from 
sources acknowledged in the text. 


With the exception of the illustrations to Appendix 11 
(Nymphophane ~ Major H.M, Thomas, ReA.M.C.) and Appendix 21 
(Breeding Mites ~ Mr. K.L. Cockings) all the line drawings have 
been redravm from figures attached to various reports. written 
in the field. 


Acknowledgment is also due to Mr. WH. Rigglesford, C.6c 
(Reproduction), War Office, and his staff for dark—room and 
other facilities, and for considerable efforts in publishing the 
illustrations 
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LIST OF ILLUSTRATIONS 


The Illustrations to each Appendix (Part III of this Report) are numbered 
serially and separately, the numbers being preceded by the number of the 
Appendix concerned. The Appendix = munber is omitted in the text only when 
referring to illustrations belonging to .the Appendix concerned. 


Legends to the illustrations are contained in the appropriate Appendices, 
and particularly in Appendix 2 these legends contain information which supplenents 
the text: both illustration, and legend should therefore be consulted when 
reference is made in the text to a figure. 


Figs. 3 : 2 and 12 : 9 hove been onmitteds 


A key to some of the illustrations in Appendix 2 is contained in Chert GOB, 
page 364 


M _ Map 

ry ~ Photograph 

D ~ Figure or Diagran 

G _ Graph or Chart 

APV ~ Vertical Air rhotograph 
APO ~ Oblique Air Photograoh 


Appendix 1 (Burma) Audy 
Lire G Scrub Typhus in Burma, 1945: ALFSEA troops and XII Arny. 
Le es Sporadic Cases and Unit Outbreaks ; Kalewa, Dry Zone and 
Shan Platcau 
Sporadic Cases = Prome = Toungvo = Rangoon. 
ditto., and Rainfall : Dry Zone. 
ditto., Shan Plateau. — 
Scrub Typhus in Burme and Assam : Endenic Foci and Districts. 
_ Tree Shrew, Tupaia belangeri belangeri (Wagner) 
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Appendix 2 (Ecology) Audy 


Assan and Burma : Endenic Arcas, Inset: Reserved Forests 
ditto : (a) Physical, (b) July and January tsotherus 
(c) Annual Rainfell. 


Te ae | 


M 
ante yt 


stm) ditto : (a) Geology, (b) Vegetation. 

hg Rad Manipur Base = Imphal = Tanu. 

i al South of Imphal to Kalewa, 

2:6 P Canp Site in Forest at Manipur Base, Assan. 
rao Ha Serub Patchwork near Maram, Naga Hills. 

: 8 APV Kangletongbi Field Camp and Trapping Area. 

TR BR Sketch Map of Photo 8. 


2:10 APO © Open Grasslands near Maram, Naga Hills. 
Siw APO Restricted Forest Belts following Wotercourses, Kanglatongbi . 
12  APV Restricted Forest belts and Watermeadows and Ponzos, Kanglatongbi. 


Set Sketch Map of Photo 12, 

314 APO Low Hills on the Imphol Plain, N.E. of Imphal. 

eS ee Part of an Infected Hillock, Palel Air Ficld. 

216 =P Low Hills flanking the Palel Road in an Endemic Area. 


717 APO A Typhus "Island" at Mile 34, Palel = Term Road. 

318 APV Mountains and Road Section at Mile 34, Palel = Tarm Road, 
319. APV Monsoon Forest and Waterneadow, Kabaw Valicy. 

:—) APO Blotic Influences : Thatchgrass cutting. 


NUMNMNNMNNNNNNNDNNNANMNANDADNNANNNANNNND 


pk a Scrub on Fire, Kanglatongbi. 

122 'P Shifting Cultivation in Naga Hills 

$23. P ditto. = closer view. 

32h =APV Vegetation and Shifting Cultivation, Naga Hills. 

s2h.1 APV Shifting Cultivation and "Constellations," Hukawng Valley. - . 
325 -G Chart. : Interrelations of Ecological Units (IN THE TEXT. page 6) 
226 M Omitted : see Map 3 : 6 and Map2 :1 

327 =~ APV Toungoo = Mawchi Road, Miles 1 = 2. 

: 28 P Mile 16 Camp, Toungoo = Mawch! Roade 


/ contd. 
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Figel 
Fige2 


Fig.3 
Fig el 
Fige5 
Fige6 
Fige/ 
Fig.d 
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Shwedagon Pagoda, Rangoon. 

Tharrawaddy Township (Mosaic). 

Isolated Tank and Hedgerow, Tharrawaddy. — 
Derelict Rice Mill and Tank Site, Paungde. 
Outskirts of Poungde, Rangoon = Prome Roade 
Fallow Waste Land, Paungde 


Village Lane, Paungde. 


Fort Dufferin, Mandalay. 

South Gate and Moat, Fort Dufferin, Mandalay. 

Ecological Units by Mciktila Lake. 

Streanside Fringe-Habitats, Melktila. 

The Dry Zone (Pakkoku Area) 

Cultivation in the Dry Zone, (Pakkoku District) 

Infected Fringe Habitat in Formosa. 

Abandoned Village: Taru, Eastern linit, looking West. 

Abandoned Village : Tamu, Central Part, looking West. 

"Mite Hill", Indo=Burma Border, looking East. 

Serub and Subsoil, Mite Hill. 

Vegetation in a Hollow, Mite Hill. 

Burmese Village near Kangy1, Kabaw Valley. 

A "Luwen" in the Kabaw = Kale Vallcy. 

Jungle Camp in a Watermeadow, Kabaw Valley. 

Jungle Camp in a Grassy Blank, Kabaw Valley. 

Ecological Units in a Burmese Village (Central Upper 
Burna) 

Part of Infected Arca, South Ceylon (Embilipitiya) 

Coconut Plantation, Ceylon (Kurunsgala) 

Addu Atoll, Gan Island, (Maldives) 

Isolated Forest Unit in Grassy Ponzo, Manipur (Bishenpur) 

Isolated Ecological Unit by Meiktila Lake 

Manipuri Village. near Imphal (Mongjan) 

Cleared Campsite in an Endemic Area, Palel. 

Increasing Incidence of Scrub Typhus on Reoccupation of 
Neglected Campsites. 

Chart : Interrelations of Ecological Units concerned 
with Scrub Typhus. 


upplement to Appendix 2.3 Serub Typhus - Epidemiology: 


MDE ed - "Eo 


Illustrations from the Literature. 


Okiage, Yamagata - ken, Japan. Nagayo et al (1917) 
Shinanogawa, Niigata = ken, Japan. Kitashima 
Miyajima (1918). 
Mokkui Valley, Formosa. Hatori (1919) 
Pescadores. Kawanura & Yamamiya (1939). 
Pescadorese Morishita. 
Formosa. Morishita, 
Rubber Estatc, Sumatra. Watch & Keukenschrijver {1923) 
Oil Palm Estate, Juala Lumpur, Malaya. 
Fletcher & Field (1927) 


Appendix 3 (Mite Biology) Audy 


Or eew 
Bune 
iG Tier 

peach 
By aro 
3°26 
bP a | 


/contd, 


G 


avaa 


Infestation of Rats by Trombicula deliensis, and 
Rainfall, Imphal Area, 1945 = 1946.> 

(Omitted) 

Infestation of Rats by Trombicula delfens{s and 
Ascoschingestia. species, and corrected ‘Case Incidence 
in Imphal Sub-Area, 1945, 

Infestation of Voles in Japan by Trombicula sutbteg (Nagayo ) 

Estimated Turnover of Trombiculid Larvae. 

Experinental Infestation of Rats. in situ in the field. 

Scrub Typhus Admissions per 1000, Indo=Burma Theatre 
(AsLeFe SeEsAe troops), 194 = 1945. 


Sheet 3 


F255 P A Porennially Infested Focus (Seepage) near Imphal. 
Beg G Intensity of Infestation of Rats by Trombicula delicnsis. 
(a) Corrected Frequency Distribution, (b) Actual numbers, 
3 310 Des Influence of Camp = Rats on the Perimeter Infestation: 
Pick-up of Larval Mites by Rats exposed for 2) hours 
3 32) D Example of Two Overlapping "Mite = Islands", 
at Kanglatongbi, Imphal, 
‘Biuade D Mite Population : Transect through Edge of Forest Belt, 


Kanglatongbi. 
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Appendix 5 (Field Data) Audy & Thomas 


Svisre D Ficld Rat: Trap used by Scrub Typhus Research Laboratory. 
5-3 2 D Exanination of Rats under Anacsthesia. 


Appendix 9 (Caleutta) Parker 


Site G Seasonal Distribution of Cases of Serub Typhus and Clinical 
Typhus in Six Unit Outbreaks, and of Sporadic cases 
(Fortnightly), 1942 = 1943. 

Seasonal Distribution of o11 Recorded cases of Scrub Typhus 
and Clinical Typhus, 1942 = 19h3. 
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Appendix 11 (Nymphophane) Thomas 


b Je Fat eth i D Akinetic Lerva.of Trombicula deliensis in process of 
Transition to.Nymphophane 

A Hy 2 D Cuticular Envelope of Nymphophane 

pbs i Se D Relationship of Dorsal Cone to Sensory Hairs of Nymph. 

Lanett D Relationship of Ventral Dises to Structures of Fully 
Developed Nymphophanc. 

1) 3:5 D Emerging Nymph, Right Lateral Aspect 

11 3: 6 D Cast Larval and Nymphal Exnviae 


Appendix 12 (Bacteriology) Kalra 


i deat a G Guinca=pig Temperature, Pl Strain (Dr Browning), Palel. 
ete G ditto., Bl Strain (Mites), Tamu. 

12 33 3 G ditto., El Strain (Rattus rattus var.), Palel. 

page sel G ditto., We Strain (Tree Shrew), Palel. 

seuss G dittoe, R2 Strain (Bandicoot), Nr. Prome, Burma. 
ng) G dittoe, Strain (Bandicoot=brein), Kalowa, 

p ae Sag G ditto.e, 03 Strain (Ticks from Rat), Palel. 

i238 G Temperature & Lymphocytes, Infected Monkey, Macacus assanensis. 
AE eS (Omitted) 

i2 310 G F3, Temperature : Challenge Re=infections. 

12 sil G F3, Lymphocytosis : Challenge Re~infections. 

12312 G M2, Temperature :' Challenge Re»infections,. 

zeae je” G M2, Lymphocytes : Challenge Re-infections. 


Appendix 13 (Ceylon) Kalra 
iT TS a M Ceylon : Endemic Foci and Rainfall (Isohyets). 


Appendix 14 (Addu Atoll) Kalra 


tact 3 M Gan Island. 
Lys 2 G Typhus Cases and Rainfall, Gan Island, 192 = 19h. 
hs 3 G Meterological Data, Gan Island, 1942 = 19). 


Appendix 15 (Typhus in India) Kalra 
25 ek G Incidence of Typhus Fevers in India Command, Totals for 
1943 = 1946.(1) By Provinces (II) Comparative Overall Incidence, 
(III) All India less Bengal and Assan. 
D5 ae G Seasonal Distribution of Typhus Fevers in India. 


/contd,. 
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Appendix 16 (Kumaon Hills) Kalra. 


M Arca Investigated, Kymaon Hills, August = October 1946. 


ei omy pak 

167822 G Pyrexia of Unknown Origin and Rainfall, Bhintal. 
167355 G Average Soil and Air Temperatures, Ranikhet. 
we:h G Rainfoll and Humidity, Ranikhete 


Appendix 19 (Histology) Kalra 


Fhotomicrographs t= 
19 31 P Larva of Trombicula deliensis in situ in ratts ear 


(sagittal section) 


19 3:2 P Stylootomes (Histiosiphons), skin of rats' car, T.Se 
TOspes P Stylostomes in scab, rat's ear, TeSe 

93h P Nymphophane of Tfombicula deliensis, Sagittal Section. 
19:5 P Larva of Trombicula delicnsis, T.S. 

19 3.6 P Adult female Trombid, L.Se 

RAB | P Adult female Trombid, T.S. 


Appendix 21 (Breeding Mites) Coclkings. 


QUE ha D Petri=dish Humidor. 
ad Be D Laboratory Light Trap. 


Appendix 23 (Mandalay) Browming and Kalra 


Pee. BT G Chart : Daily Fluctuations and General Course of 
Temperature in 3 Typical Scrub Typhus cascs, 

Oo ee G Chart : Serub Typhus, Rainfall, and Rat Infestation Rate, 
Mandalay and Meiktila, May = July 1945. 

re BEL G Chart : Scrub Typhus and Rainfall at Kuala Lumpur, 

| Malaya, 1927 = 1929; 

23th G Chart : Scrub Typhus and Metereological pata, Addu Atoll, 
19h2 = 19hhe 

iste D Sketch Map : Sagaing Compounds. 

Pe Bak fe D Sketch Map : Fort Dufferin Site, Mandalay. 


APPENDIX NO. 10 


(MITE BEHAVIOUR) THOMAS 


OBSERVATIONS ON THE BEHAVIWUR OF TRUMBICULA “ELIENSIS IN SOIL 


by 
Major H.M, Thomas, Re Ae Mo Go 5 


Scrub Typhus Research Laboratory, S.EA.C. 


Observations on the behaviour of larvac, nymphophanes and nymphs of T.deliensis in relation 
to soil are here summarised. Experiments on larvac and nymphs were conducted mainly during 
September and October 1945, and observations on the nymphophanes durin: November and December 


1945. 


1. Larvae wander nost freely in soil which is in a state between 'just moist! and talnost wert, 
In dry soil dust particles stick to the larvac which in this state tend to be in-coordinate. In 
wet soil the larvae are pinioned by surface tension. In the laboratory partially fed larvae at 
least can survive literal immersion in drops of water for several weeks and if almost or fully 
engorged may undergo metamorphosis under water. Possibly the same applies in interstitial soil 


Wat cre 


On plane surfaces the larvae at all stages wander towards a light of moderate intensity, but 
the phototaxy on normal tcrumby' soil is not obvious. Thus (26 September) a set of larvae 
released in the niddle of a tray of such soil moved below the surface of the soil in a few ninutes 
and emerged (sore) after about 20 minutes, moving actively. Presumably they had been wandering 
at random in the interstices of the soil. There was then no apparent directional trend for the 
mites en masse, thoucr one had the inpression that they tended on the whole to wander away from 

.the main source of (day) light, which was oblique. It may be that livht reflected from soil 
particles = !particle shine! = ‘scent in a direction away from the source of light, and the 
shadow into which a mite ofen has to walk as it moves towards the true source of light, are 
factors which complicate the issue. In this connection, other observers have notedthat lorvae of 
T.autumnalis tend to climb on to small prominenees in the evening and it is suggested that this 
may be explained by the fact that such prominences are likely to be the best illuminated parts 
of the local enviroment of the mites at that tine of day. 


2s Speed of Movement of Larval litcs on Various Surfaccs 


men we seatener ements lane emt yng intake. daa nak ree YEMEN amma nk ashe Pm noah rade veradiGhondiiabeylaton 





In one experiment mites were allowed to walk a licht gradient of 1 ; 10 units of 
intensity on an arbitary scale. Roon tenperature ae tine of axperinent was ‘hHoR: 


Surface M4. per minute. Order of Expte 
Paraffin wax 12 ; 
Glass : 35 2 
Sand (grains av., 500 dian.) 9 3 
Filter paper 10< 4 


Single larva at room temperature of 70 Fs 


Drill, new, inner surface 5 
Drill, new, outer surface 705 
Cellular cloth, ironed 10 





ae mma 


36 Wandering in soil in relation to motamorphosis 
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On 11 September, 2 pair of rat's cars Wus placed centrally on © tray of soil © inches in 
diancter, The tray was placed on 4 sheet of DMP = impregnated paper. Mites wandered on to the 
paper for 4 days. One mite was collected on the first day, 32 on the second, 24 on the third 9 
on the fourth. No further mites were detected on the paper. The soil was kept moist, and a fair 
nunber of nymphs was recovered when the soil was tpanned! after a further 12 days, The conclusions 
to be drawn from this caswal experiment are limited, for the ears bore fed and mnfed larvac, and 
the identification of all the nites as T.delicnsis was not confirmed. However, the r_nark by 
Nagayo et al (1927}, that nymphophanes forn cfter four days, nay be relevant. 


A waxed paper cylinder, built up of a serics of 5" x 1" rings with joints sealed by warning 
was filled with fine crumby soil (2 October). Thus a cylinder of soil of 1 inch diaieter and 
44 inches high was formed. The soil was kept noist with the aid of a cottonwool wick. About 
a dozen nites were placed on the soil, and a black paper cap placed over the cylinder. After 
four days, the rings were carefully sliced off, with their quota of soil, and separated. After 


a further 5 days, each section was searched separately for nymphs; o nymphs were recovered, 
distributed as follows, top and bottom sections: 2, 0, 3, 1, 0, 2- 


Thus, mites may wander in a vertical direction before undergoing metamorphosis. 


An experiment on the horizontal movements was tried out on October 7e <A set of waxed paper 
trays was placed in a metal tray of 4 inches radius so as to give a central compartment of + 
radius, and three more concentric compartments, each in the form of a ring 1" wide. The depth 
of these compartnents was 4", but the whole tray was filled with soil to a depth of 3", so that 
the upper 4" of soil was continuous horizontally. 


The earth was moist rich loan and was kept moist for the duration of the experiment. Onto 
the centre of the soil were placed 200 replete larval mites. After 6 days the tray sections 
were separated, care being taken to avoid undue disturbance of the soil. Each section was then 
kept separately for a further 12 days and then exarinec.for nymphs (by 'soilewashing!). The 
count of nymphs was distributed as follows: 


Central tray (1" radius) - 2h nymphs 
1" to 2" tray © 13 nymphs 
2" to 3" tray - 9 nymphs 


3" to tt tray 9 nymphs 

This represnets a recovery of about half the larvae as nymphs. In this and the other 
experiments the discrepancy is to.be accounted for by nites that died, hac wandered out of 
the soil as larvac or nymphs, or were still in the nymphophane stage. 


The results appear to be consistent with random wanderins, but in view of the 49 in the 
outer ring, the experinent is worth repeating on a larger scale, if and when sufficient 
numbers of mites beoome availablic. 


The following experiment, though started before the last one, is more conveniently described 
here, On October 3, a set of four small waxed card trays was so arranged vertically that when 
charged with moist soil a central column of soil $" in dianetor and 2" high made direct contact 
with four sqyparated layers of soil at successive 4" levols. 


Twelve larval nites were placed on the top of the column. After four days, the trays were 
carefinlly separated from one another and the column, and after a further 10 days, examined for 
nyiphhs. The numbers of nymphs separated from each set of soil were as follows: 


Column, 2; Top tray, 1: second tray, 0; third tray, 0; bottom tray, 5. 


411 these experiments seen to suggest a free wandering on the part of the larvae before 
thew settle down to pupate. Larvae have been observed to remain active for over 2 weeks 
bef>re undergoing metamorphosis. 


4e  Nymphophanc 


Observations incidental t> the study of the development of the nymphophane sucgest that 
netamorphosis takes place nost readily in soil which is relatively warm and quite moist. As 
might be expected, the wholc process, including the immobilisation of the replete larvae, takes 
place more rapidly in relative warmth. Free moisture in the soil scems to. be more important in 
the immobilisation stage than later on, when « more moist atmosphere sccm enough. The rough 
surface of loamy soil particles appearsto be better substratun for fixing than a smooth surface 
(e.g., of a pebble) would be. Ona rough surface immobilisation is more rapid, and the 
eventual egress of the nymph is facilitated by the purchase offered to the emerging limbs. It 
also secrsthat the nymphophanes cannot readily stand rapid changes of temperature and humidity. 


5.« Nymphs thersclves, as has already been indicated, prefer moist surfaces and are intolerant 
of bright licht. Both these points are consistent with their observed habits in nature. 

On 2 September, an experiment was performed to study possible thignotropisn. 

Two sets of particles were prepared, one made of smoll scraps of colourless transparent 
polythene film, the other of sinilar seraps of opaque black paper. A preliminary check showed that 
the nymphs betrayed no preference for or objection to these materials as such. 


With each type of particle, two rings (about 1 cm wide, 4 cm deep and overall diameter 5 cm) 
and two piles (3 cn diameter, 1 cm deep) were prepared, on glass, in a protected chamber (under 
glass, with moist atmospherc). 


Nymphs placed in the centre of the rings wandered freely through the maze of particles in 
each case. Nymphs placed on top of the piles stayed in then, after descendin: into the midst of 
the particles (except for two which wandered away, in each case from the black piles). 


Mites were still within the piles, active when disturbed, 2 hours lator. 


The nymphs thus appear to be positively thignotropic, apart from and in addition to their 
phototactic behaviour and preference for moisture, 
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SCRUB TYPHUS IN 1945. | 


ADMISSIONS , JAN-JUN. 1945. 
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Tree Shrew, Tupaia belangers belangeri (Wagner) 


(Kangletongbi, Imphal) 


‘Strains of Rickettsia tsutsugamushi have been recovered from Tupaia by both 
jor Kalra in Manipur and the USA Typhus Commission in North Burma. Tree-shrews 
re commoniy found very heavily infested by Trombicula deliensis. in Manipur, and 
ese animals are considered important hosts: they are found in both forest. and 
rub and are widespread over the Dry Zone of Burma where they might even rival 
rids in epidemiological importance. In Central Burma they are most numerous. 
sund villages, especially where trees have been planted.- 


In 1914, J.°M.' D.' Mackenzie, I.F.S.4, collected eight specimens. of the Burmese 
se Shrew, 7. belanger: siccata, from the Upper Chindwin area (Kinday) and the © 
in- Hills, in areas now known to be endemic. He noted that 


"All shot were found to hame a curious orange patoh on the rump, apparently 
is producing G-legged, round animals about half as big as a pin s head.” 


These were trombiculid mites, almost. certainly 7. delitensis, which were. 
scribed in Sumatra eight years later. 
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s>CRUB TYPHUS — EPIDEMIOLOGY 


‘ustrations from the . Literature. 
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Fig .4 PESCADORES 


Kawamura & Yamaraiya ,» 1939 
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Morishita (Lond. Sen. Hyg. CA Trop. Med.) ‘S3 
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FIG. 6 FORMOSA 


Morishita (Lona. Sen. Hyg. & Trop. Med.) 
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APPENDIX 5 (FIELD DATA)-AUDY & THOMAS 
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APPENDIX 9 C CALCUTTA) PARKER 


FIG. 9:1 &2 
I. SEASONAL ‘DISTRIBUTION OF CASES OF SCRUB TYPHUS 
AND CLINICAL TYPHUS IN SIX UNIT OUTBREAKS, 
AND OF SPORADIC CASES (CFORTNIGHTLY)? 
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2. SEASONAL DISTRIBUTION OF ALL RECORDED CASES OF 
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APPENDIX 11 (NYMPHOPHANE) TOMAS 
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FIG. 2331. SAGAING COMPOUNDS. 
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KEY. 

S = SWISS; W = WELCOME. 
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